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that the effects of radiation on specific target cells can be studied directly
without the presence of extraneous factors, which complicate carcinogenesis
in vivo. In addition, transformation assays are extremely sensitive, allowing
detection of the carcinogenic effects of radiation at doses below those at
which statistically significant carcinogenic effects have been observed in
animal and human studies. It has been observed by many investigators that
radiation-induced transformation in vitro can be modified in the same way
as radiation-induced cancer in animals, with the yields of malignant cells
varying similarly in response to different characteristics of the radiation
(such as total dose, dose rate, fractionation pattern, linear energy transfer
(LET), etc.) and many other modifying factors, as described below. It is
widely inferred that the processes involved in radiation-induced transfor-
mation in vitro are similar to those involved in carcinogenesis in vivo, and
that results from in vitro studies are applicable to radiation-induced cancer
in vivo. In vitro transformation systems also offer an approach to studying
radiation carcinogenesis that is less expensive and less time-consuming than
animal experiments.

Dose Response

Commonly used in vitro transformation assays can be divided into two
broad classes. First, there is the use of short-term cultures of embryo cells,
with clonal assays in which transformed clones can be identified after an
incubation period of about 14 days. The transformation frequency and the
surviving fraction can then be assessed from the same culture dishes.

Second, there are assays with established cell lines (such as 3T3,
10T1/2, Rat 2) that have become immortal. These are focal assays, and for
transformed foci to become identifiable, the culture must be continued for
some weeks after the normal cells have reached confluence. Cell survival
and transformation frequency cannot be assessed from the same culture
dishes. Results can be expressed as transformation frequency per surviving
cell, but because the transformation frequency observed is a function of
the number of viable cells seeded per culture dish, the data can also be
expressed in terms of the number of foci per dish or the fraction of culture
dishes bearing foci.

These in vitro assays, based on rodent fibroblasts, have been used
widely because they are highly quantitative. Ideally, assays based on human
epithelial cells would be more relevant, but, although transformation in
human cells has been demonstrated as a result of exposure to radiation or
chemicals, quantitative assays are not available.

In recent years, in vivo transformation assays also have been developed
for thyroid and mammary cells in rats. Cells are irradiated in situ in the
thyroid or mammary gland and are subsequently excised and transplanted